Pairwise sequence alignment
(global, semiglobal and local)

Multiple sequence
alignment Markov Chains and
Sequence evolution
models

global

Local
(PSSMs, HMMs)

Database searching

BLAST

Substitution ¢ Sequence
matrices

statistics

. RLSKIISMFQAHIRGYLIRKAYKRGYQARCLLK ...

. RNKHAIAVIWAFWLVQSSFRGYQAGSKARRELK ...

. GWQKRVRGWIVIVRRNFKKKRNEKLSATAZZZZZYQ ...
. MKRSQVVKQEKAARKVQKFWRGHRVQHNOR . ..

. QEEVSAIIIQRAYRRYLLKQKVKILRVQSS

) ... RLSKIISMIQAHIRGYLIRKAYKRGYQARCLIK .
Discovery . RNKHATIAVIWAFWLVQSSFRGYQAGSKARRELK .
. GWIQKRVRGWIVIRRNFKKKRNEKLSATAZZZZZYQ

. MKRSQVVKQEKAARKIQKFWRGHRVQHNQR . ..

. QEEVSAIIIQRAYRRYLLKQKVKILRVQSS ...

bo-/l\/lodeling

Recognition

GWQKRVRGWIVIVRRNQVNQAAVTIQRWYRCQVQ

RRRAGFKKKRNEKLSATAZZZZZ
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Conserved patterns in biologi

Example: Transcription factor binding sites

cal sequences

S5 CTATGITCATCTITTCACAATTITT - CACIATATTARG
Sbay  TITTTTIGATTICTTTAGTTIICTTT

OGO ARACARGTCTEA T T AT T ATA TTACATCCCT T T CCTATCATACACH]
Smik  GIATATIGAATTTTICAGTITTTTTICACTATCTICAAGGTTATCTARAAAA- TGTCAAGATAATAT TACATTTCGITACTATCATACACA
TG

GCATTACCACCATATACA|

‘GCTATCT-GICACTATCACATATA

TATA

Scer  TATCCATATCTAATCTTA(
Spar  TATCCATATCTAGTCTTA(
Smik  TACCGATGTCTAGTCTTA(
Sbay  TAGATATTICTGATCTTT

AGT-GITGAT!
GTTAC-GGGAATTGTTGGTAATCCCAGTCTCCCAGAT CARAA)
CAATAAACGTGCTACCT

Gal4

TATATGTTGT-GGAAAT-GTAAAGAGCCCCATTATCTTAGCCTAAAAAAACC
GTTGT-GAGAG! AACCCCACTATCTIAACCCANCARACCC

CTTTCTAT
CGAACAAAAGAAGGGGATTTTCTGTAGGGCTTTCCCTATTTTG

TTCTCTTTGGAACTTTCAGTAATACG
T TCTATGARACTTGAACTG-TACK|
‘ATGGAGCTTTG-CTA-TATG|

TATATTGAAGTHCGGATTAGAAGCCGCC! GGGCGACAGCCCTCC
AATRTTCARCT I CGATCACRACCCACCOAGCEGACCACACECCTC
TGARATACGGATCACAACCCCCCaRACGEACGACARTTCCCC

Sbay  TCTTATIGICCATTACTTCG ABTGT

G A T s T

Gal4

AT RATCCCTARARC

CAAATTAACGAATCAAATTAACANCCATAGGATGATARTCCGA TIAG
AGCATA- CAR 11 TOOTACE AR AATATTAG

GTAATAGTACAG-

A GQ
Sbay GAACGTGAAATGACAATTCCTTGCCCCT CCCAATATACT CTTCCaTaTAC GCAC: PTGGA’V‘ G/

Scer TTTTT-GATCTATTAACAGATATA'
Spar AATTCMCCGCAAAAAATAATGGNTTT CETCTATTACCAAACH
gmik ARTTCATCA TG ATTAGCA]

Sbay

ACARTGATGGAGTTGCGGTCAAGCCT: r'vrr

e cteanTTonA

T GGTTTTCTGTTC TITTGCA

§cer  TAACTAATACTTICAACATITTCAGT--TTGTATTACTI-CITATICARAT----GICH

TTAA-CGTCAAGGA---GAAAARACTATA
Spar  ITAT CGTCAAGCAAA-GAACAAACTATA
Smik  TCCTTCATCAA

TAAAAGTATCAACA-AAAAATTGT"
T AT O AARTATTARCA-ACARGTAGTTARTATACATCTATACT

SRk TORIICC AT TCORACCT T CAGACTAR I TATAT T TAGTAC TACT T E 11T GGAGT TATAGARATACC

Sbay  TAGITTTTCTTTATTCCETTTGTACTICTTAGATTTGITATITCCGGTTTTACTTTETCTCCARTTATY

TAATATACCTCTATACT]

AMLA-ARARATACTCAGTATCTATACATACH
CAAAACATCAATAACAAGTATTCAACATTTGT]

Sbay c AAAAAAACAACAACAACATATA
3
Kellis et al, Nature, 03
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P, Catalog of Inferred Sequence
Binding Preferences

http://cisbp2.ccbr.utoronto.ca
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Conserved patterns in biological sequences

Example: Protein domains

— Fold independently

Carry out specific functions

Found in diverse contexts

Conserved in evolution

R T T e -

FN3

Insulin receptor

Jav
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S34
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13N
XV

euieg

Adapted from Robinson et al., 2000
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Domain architecture of PSD-95 and crystal structure of PDZ3.

A
PDZ1; PDZ2 PDZ3 SH3 GK

RAT

HUMAN

MOUSE

XENTR

TETNG

DANRE

AILME

APLCA

BRAFL

SACKO

DROME

BRUMA

Zhang J et al. J. Biol. Chem. 2011;286:41776-41785
i
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Local Multiple Sequence Alignment
Probabilistic Framework
e Discovery

— Given multiple sequences, often unaligned, find a conserved
pattern or motif

e Representation

— Given an alignment of the motif (often ungapped), construct
probabilistic model summarizing conserved features

e Recognition (using model)
— Given a new sequence, does it contain the motif?

— Find all sequences in a database that have the motif.




Local MSA Methods

e Discovery:
— Gibb’s sampler
— PSI BLAST
— Hidden Markov Models (HMMs)

e Modeling:
— Position Specific Scoring Matrices (PSSMs)
— HMMs

e Recognition:
— Depends on model

Local MSA Methods

e Discovery:
» Gibb’s sampler
— PSI BLAST
— Hidden Markov Models (HMMs)

e Modeling:
» Position Specific Scoring Matrices (PSSMs)
— HMMs

e Recognition:
— Depends on model
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Scoring a potential new instance of the pattern:

Given a sequence t, a window of length w starting at the
next position after offset o is scored as follows:

Scorelt,o0] = ZW: S[tlo+1],1]

i=1
Sequence t:

< w S
€ >
<

€

MKNLDKlLEKLLHNVPVTSQDISYLLQLTHPEARERLFRAARLLRK*YFNDKIFLYGFVYFSTYCRNNCTFCYYR"SNSACIRYRKTTQEIVDIASALA

S

o

This score can be interpreted as a log likelihood ratio...

28

A PSSM is a log odds scoring matrix

Note that the score of a window

STt,0]= ) Sldo+il,i]
of length w at positionoint, is a =1
log likelihood ratio of the form

=Y log, Affo+il,i]
Pldata|H,] -
S[t,0]=log, Pldata| H, ] 2210& q[t[0+l]‘,l]
=l p(lo+i])
where the data is the subsequence w
at o, H, is the alternate hypothesis HQ[f[OJFi]»i]
that t contains the pattern and H, =log, =
is the null hypothesis (no pattern, Hp(t[0+i])
background frequencies) =1

o Pldata| H,]
2P[a’az‘a| H,] 29




First in-class exam results

Max: 98
Mean: 85.1
Median: 86
Minimum: 66




